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ftia 5S: ^ ^ Jt-^ i± . Rffl^b ^ ^j' V ^ t ±Ji m'f k r ;v ^ - a Ji t o -r 

K i d ^^^^tr^ o T if t'c i':;'^ ^ ^ ^ 9 ^ i)^^ L TIMMM:;^^^^- > i^'* 
Lfc i9 L/C 19 -r i t ^ < W^PMt' ^yv^ O^jjK 1 < v^^M 

[0 0 10] 

^•f^^t ^<7)-e*^o 
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[0 0 12] 
[0 0 13] 

[0 0 14] 

t fz. mStiTUR&'i\l^^ym(7)m9- t 1 t 1 ^ 1 0 m. mfB±gPRM'fb 

ym<D^M t 2 i)^0 . 5 /um^ t 2 ^5 fLmX\ i)^^. 1< t i / t 2 ^ 5 (7)r^#^ 

tt^^^i6■r. LT<^^u/ tf>'^''^;Xa=^|5;^lLL> 3&^oi^v^jit;$^i4^il#i-^ 

:it :^^X^ ^fzib ^zm.t LV^o 
[0 0 15] 

$ f^i::. miBRS-fb^ >Ji>6^'tfrlB*#:Ml'MLTSEtw#IFS^^aMoRa^b^ 

e> ^ i: ^: % jc. miB±si5^s<b^ ^ yM -^-^^-rmAiti- 9 ym.'^<om^'^^^ 
WmwrvtimMw.^ ^ ym ^^^-tm&itf- ^ ^m^o^i^iSH^fs i 19 ^ ^ t t 
L < . ±uRm^t^^ymiz^mLfzi^y y ^:^^T^Rmit'^^ymizmm'r^ :it^n 
mx^^t t ^ mitr)\^^~'OJ^mhM.mt^^^ymt<Dm'^]Bti-^^WL\^x^y y 
^ co^^ =sr w/hm-mk. TM^ra =^ mm x^^t (7)m^ ^m-t^o :imzx-ox 
. wM^um(Dmmnntmmm'^^-^i(>x. j:^^^tLX(Dmmn\^tmxm'^^Wi 
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i|iiwi tmm^u^M'it^ ^ yM<7^^^^^^Bi\^w 2 t<Dit (wi ) -fy^o. 7mT-e 

[0 0 17] 

tf::. Hfrffi>^a'fb^i5'>S=^T i (Ci - x Nx ) tULfzt^^ luiaTfB^S'fb^ ^ 
V^tzijStt^ X7?)^^0. 5 5 - 0. 8 0. 1fria±S15^S'fb^^ >«^^i3lt^ x^^'O. 4 0- 
0 . 5 5 coaj^;^- ^ >fc ^ ^ i: ^ t^;^^ L ^ 9 y ^ 7i)^~Tf 

[0 0 18] 

[0 0 19] 
[0 0 2 0] 

RM'fb^^ ^^^^^ 9 5^ >5*#*L^v^50n * /tli^i^^ ^ ^ rBl|5i75«jAV>Ttl5#mt 

. mT«li<7)Jlligt'm^^^'CtfrlBTMIiJ: !9 9 ^'rHlPi75^mv^±S|5m^t 

[0 0 2 1 ] 

i}^^ y tf > L/C i9 ^fl Lfc i9 1-^ - ^: < Jifl5 ftli ^ ^'l^^ LT«^^nM-t? ^^tt 

mz x^jSu'Lfz ^ 9 -7 ^ (Dmmmm^f^^ fz}!bKm.m.it^ ^ ym-ffi^ v tr y ir^mmrt 
^mm^^(j:>mmm.ifimn%M. m.f^tz-m'^-j My^'^^xxim^w^^^^^m^ 
\m^^%m'f^fz^<o^^^^w-\ 

[0 0 2 2] 

nmcoM^mm^mWim (sem) ^Mx^:hm2^&Kmm-t^o 
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^t!^(D^7;)^hMi^ii&^^^^< ti> im.:fj^h^£^w.M^t^^^^^^y (co) *3 jitz/t/^^ 

->y-^r;v (Ni) #(O^.Jlifem^^^*^lt^ffit'T|g^$-li-/c)ll®^#^. 
^ ■>^X<7)V^-rtL7)-;^-e)^'&*#2<^^Mt^WM^3 =^^b^^*S (CVD) tCT^ 
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(T i CN) m 4: i3XX/^<D±mt LXmi\:r)V^:^^Am 6 ^r^LTV^^o H 1 

5& n X >^ h 7 =^ ^JiMm^ t fz i,iM^mm.=^mmm ( hi i it^mmmmw^M) 

[0 0 2 5] 

[ 0 0 2 61 
[0 0 2 71 

mmmi (D^^L^iiz^^ir^mm vfz&i$^<D^m^w:Kmm^f^^^M^t^^>m 4 

^ <;/ i^/{)^^^L^v^:$Vf) t < (i^*^^' 9 ~7 ^ T^lPi^^^^lSv^TM^ lit. TUM 1 1 
co^«'1-j^^^g^3mm$^^•rTfl5M l l X^) ^^^^ ^y-j^ PflFi^v^±t|5M 1 2 

[0 0 2 81 

^ 5o8§:^lil^-t^o ^LT. RjlI:R$L=^±iSRM±t'^^£i-^^9->i^ soS^tr- 
iisail 1 IK^'yyi^ ^^^^ L ^ x =itPl^, y / x = 0 t LTWt^i- ^ o 
[0 0 2 91 

>S 4 O^M« -e^ ^ ±mm.m. 1 2 t^i-ffi^Sti K^^y^ 5 ^^^^t- ^ ^ 1 J: ^ -ClStJ 
$ tLT . ff tc;»c § ^ ^ V ^ ^-'^^ L -C^SmaJi 3 -^^^ y > V\^fz^ L 
J9 i--2> i t Jfe < § t ^) tc, ^ y y b (D^J^ L < v^Rfijbf" ^ >J1 4 

<^Tf[5|i.li 1 1 i i o -C. 1 2 tc-C^^ L/C ^7-7^5 Ojt®:^^' 

mm^f^^fz)!b\,zM.&it'}-^ym4=i)^^y^y^^m\m-fz>^^-h^^£^^o ^m^. m 

mail 3 -^^(Di-y e > i/^fiJli=^!5&Jh'e # ^ i: t ^> tc. rnVMLMM 3 
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[0 0 3 0] 

-r>5:t>*>. 7 collet- i3V^-C. T i CNii4 0±tl5mi 2 t'^9iyi5' 5:*^'^v^ 

^ fz \mi3 l,z±^f^^yy^ 5 tc^IS LT®®mM 3 § f - ^ iJ^'/i^^^ 

Lfzi)^ m?tXmLfzn L^ir<tj::ho tfz. 01 (b) <D X ^ K^&it^ ^ 
tcisv^T^ 9 5 c7)^J^*iJ^;?)^'IW] ^ 9 ^ rslPi^O^'^fi'fb-f-^^ 4 

Kiofz-oX—m-^'^^ ilBgMbT^v? Ail 6 fco^S^jS*i::;^2Si-^^-|iJtui^l*l 
45e L ^' ^ ^ ^-gJlllJ 4" <^tj^ t:: J: o L ^ 9 5 ^^R&it^ i^yM^ ^^^^ 

[0 0 3 1 ] 

mw2<Dmm\^fzti^<Diz^^ifii^^-rnfzy) ^ /h^-r^fz^-r^t. Rm.it 

[0 0 3 2] 

4 (75 ^ 9 ^ co^jSffJ-^^ft^-fb^^ i: 7i)^~-e ^ ^ i; lb . RMit^ ^ ym 4 t mitT 
[0 0 3 3 ] 

^^K. T§|5Ml 1 tcjslt^^ 9 -7 iJ'F^Pi^^'S 0;amm±. 1 0 0 /x m&.±. ^ 
I' {± 1 5 0 mJ^Ji-e^ ^ ^ RM'fb^ ^ym4: (DT^m 1 1 ^S^^J' 9 <y iJ' Oai® 

[0 0 3 4] 

«ftL>&v>^-/'j) L < it^i^^y y ^m%i)^n:.^^~ruM.Mit^ ym (J-j^t. #.tcTS 

mh^-fo ) 1 5 i:. TflliSl 5<DllH^::«l^$^^'CTfl5ii 1 5 J: ^ 9 ^ fml Pi 
^^-^v^Jitl^RS'fl^^^ (mr. #i::-hf|5® iiia&i-o ) 1 & h(Dmmi^^'^^\^fz^'m. 
t^oT:fe!9. ^<7)«^lcJ:o-C. Rmit^^ymA(0±M>\'X§t.^\^fz^yyi7biflm 

[0 0 3 5] 

i ±OT 1 6 (DWM t 2 ;&^0 . 5 ;« t 2 ^ 5 ;t/ m. 1 5 (DWM t i ifi 

I fim^t I ^1 0 fjL m-e. ;0>o, 1< t i / t 2 ^ 5 <7)M#^^f fci" ^ RBit^ 

[0 0 3 6] 

1 ^S^'^^iv^^ttM^^^^^*). Tfl5Jll 5^ma'fb-^^>«^T-c0TOIg^tew2 ;&M^■?V^ 
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mm 3 (Dmmm^tmmim^^'m^x ^ 1 Lxommm'^^tmxm^'^^M^j: 

[0 0 3 7] 

m-To tfz. m2 K^^x ^ -^xmrnmrn 3 (Dmrnm^mmiizx^ ts^KRa^t-?^^ >*§^h 

75^^ 3 0 Ma % J':J>t oto-^-erS-^ L rfbH^H x^<^xi>x\^^o 

[0 0 3 8] 

^:<7)J^'^l::(±. ^S'fb^ ^ 4 't'COitlJii 1 6 icislt^^i^l^H^Htew 2 :*^'0._ 
2-1. 5;«m. #il0. 2-0. 5 mt:* i9 . ^^o, Tf|5ii 1 5 t'i3tt^¥*^ISH%te 
wi i:±g|5Jil 6 O^J^Mh^0|Ii1w2 i:(7:'J:b (wi /w2 ) >0^~O. 7 JiivT> #1^0. 5J^J>T 

^^th^t'. m<bT;v^-'^7A^6 t<7)#*tj^aiJtPLT. m.w^mm3^^tLx<D 

[0 0 3 9] 

^ ym 4 <D^n^mmKi5\.^xm^2 tmrn^mms to^Mt^^r'feitft*?!^ (112 

± * ^ <7) ^-e#J o fziU ^ H^H ilig w i: -r ^ o 
[0 0 4 0] 

tfz^ ^m^Wl^^^^m i (Ci-xNx) tSLfc^ TOT 1 5 I'iSV^-r X 

^^'0. 5 5 - 0. 8 0 ^ ±f|5jl 1 6 tdiSV^-C x7&^^0 . 4 0- 0. 5 5 60|a^7^^ ^ ^ -^li: 

±fi5;i 1 6 iz^)^L fz ^yy^ :fy^T^m 1 5 <,zmmir^ ^ t ^mm 3 

[0 0 4 1 ] 

tfz. m^2 tR&jt^^ymi t<7)fMizm:Tmi 7 tLx. umt^^ ym 4 hwit 
t;v5 ^^Ag 6 h(Dmm\z^mm 1 s h l-t. ^m\zmM-^f^fzRm.it-f-^ ym 4 

> (T i N) (T i c) Ram-fb-^^^ (T i cNo) ^mit^ 

^y (T i CO) m. mtit^^y (t i no) m<D^^^h^M\-siiz>{}^rj: it^im. w 
ymi sxitmKm.it'f-^ ym'k^m-t^^^Ki.^x^ m^2 <Dm5^(D^miiiL. 

[0 0 4 2 1 

T)i^^~^j^me t(DmKo. 2 jum}ikT<DRm'it^^ y (Tico) m.mm^h^^y 
(T i NO) mtfzitRmM'it^^ y (t i cno) Jiov^-rtL^d^j; 19 >&;i>f raJS 8 
m-r^^tizxy)^^Lx aMf^^m^^j^^-^^^^^-^^x^^o ttz. m'fbT;^^- 

?#«t± ^ li^ LOO. Mf * Kit L TW^fltt ^ ]S i6 ^ i t >J)^'-e ^ ;g> .-S "trM t L v> „ 
[0 0 4 3 1 

t7t> Rm^iti^^ym^ tmi^2(DmK. iirmti\^±o^xx/m^2^^(DM:mzx^ 

mmn-\i<Di&T'l:WCfzibA'{h^^ y (tin) m^^^h^^^MTMl S^^&mir^^t:^^ 

MtLv>o tfz^ m.Tm 1 8 (DmJmit 0 . 1-2 fim(Dmmx^:h:ztmtMy3(D^T^ 

[0 0 4 4] 

tfz. mM^mm3<DmimMmi 9 tLxm'{t^^ym^^^-r:h:it},zj^^x. 
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[0 0 4 51 
[0 0 4 6] 

[0 0 4 7] 

* (CVD) ■ffitiioT^KMMS ^Jtfli-r^o I^a^aibf-i5^>'/14'?)^m^f^l^ii^ 

f!lx.«\ K>7:rxai^^ L-c, wm%xm\:^^y (t i c 1 4 ) o . i ~ i o# 

mm (N2) #x^0~6 0#«%, ^^i^ (CH4) :^':^tr0~0. 
T-b > (CH3 CN) if:^-^Q. l-ZWm%. W^^im (H2 ) iSTsii-hts: 
^■^-^J^fv^^li^tr^jB^-Y^^^^rtt^^XL. ■5^•Y>/^'l*l=£r8 0 0~ 1 1 0 or. 5~ 
8 5 k P a ti-r^Mi-^o 
[0 0 4 8] 

ii-e. ^jc^jtemsT-fi. Rfi'fb^i5'^^)i<^«*ff«i (TOTi lo^m) -efif-^v 

^^'|*I^a«=^ 8 0 0-8 4 0 "COiEH^C L. RS^b^^ (±f|5JS 1 2 Oj^M 

) 8 6 0 ~ 9 0 0°Ch L. j^ffii-^R)4iv*^;^^^^7)7^r h 'J ;v 

(CHs CN) :^~;^OtM^«-^^^mtulEt'«ffiL7tT^ h V ;v:;?;^X<^fl^»J^J: i9 

^i^^^- i^-C. TtPe 1 1 J: t) ^)±^J1 1 2 0^'9y ^^Pit:|ffl>6-<i-'2.^ t:*^' 

[0 0 4 9] 

^M-fbf-^ >iSoMt(f«i^c4g^-r;&T^r hc:^ h u ;^5?^~:^<7?SA#J'^^^^>l■ 
[0 0 5 0] 

i ^ ^ t> . It- o T ^ h - h ;v ^^7^ (Dm^if o . i m%% 

[0 0 5 1 ] 
[0 0 5 2] 

^LT. :$:^0^tr J:tL«\ m^bT ;V 5 ^ -^7 AJf 6 ^^mi"^ o m^bT;^^- 

'irAjl6<7)^M:^"&i L-Cti. :^4bT;V^-'>A (A l C l 3 ) if7.^3-2 Q^m%. 

m\:im (HCi) *'>!«=^o. 5-3. 5#:«%. nm^fb^* (CO2) *':^*o. 0 1 

-5. 0#:a%. MtK* (H2 S) y^f;^*0~0. 0 n^if7]m (H2 ) if 

7.i}^hi3:hU^if^-^m^^. 9 0 0- 1 1 0 or, 5 ~ 1 0 k P a ii"^ ^ Lv> 

o 

[0 0 5 3] 

tfz^ mt^^y (T i N) Jl=lr5£M-r^lc«, UJBifT.mMt'LX^it^^y (T i 

miE# 2004-3109397 



mm 2004-096812 



8/ 



c 1 4 ) ^^^0. 1-1 o^m%. Mm (N2 ) :^'x=£ro~6 omn%. m^^^Ti^m ( 

0~110 0°C. 5 ~ 8 5 k P a t-t^^{^iV>o 
[0 0 5 4] 

$ fete, > (T i CNO) m^^B:ir^Ki±. mt^^y (T i c 1 4 ) 

ify^^Q. I'-z^m.^/o. {ciia) if:^^o. 1 ~ 1 0'M%^ -m^fbR* (c 

O 2 ) 

0 l~5#:ft%, mm (N2 ) *'X=^0~6 0#:a%, "9 t^^^X* (H2 ) 
J^^^-^^^-S^rL-^^'^^^^M-^fi^L-CRJ^Sf-^^/^^l^lt^SAL. -^^^^^l^^S 0 0-11 
0 0r^ 5 - 8 5 k P a i:i-tL{fJ;v^o 
[0 0 5 5] 

■ct-rcr^f-^ >'y^'(^j%*PiiK^ 1 2-3 ot:/^t3M«-r^i^i^ioT. Rmit^^y 

o 

[0 0 5 6 ] 

«^fe^LT<b^m« (CVD) -^^ffiV^/iJ^^t-ov^TraL/i^a^ 
7t{i^§|5=^%a^* (PVD) &m:oT?^^L/c'feO-e*o-C'fc j:v^o 
[*Mi5!l] 
[0 0 5 7] 

¥*l;fe#l. ^ fxm<Dmt^y^'^7-y (WC) «t::>trl-LT. 1 . 2 ;u m<^ 

^m^^^Jl^y (Co) ^*=^6Sfi%. ¥:^mi2. 0;Mm<7).^'fb^^> (T i C) « 
=^0. 5Kfi%^ T a C5i^*=^ 5K£%<7)#J^T-». ^t^^LT. y'" J: "KlflJ 

X»>K (CNMA 1 2 0 4 1 2) \zm^^fz'ik. ^^'^JJtS^Mt. 0. 0 1 P a 

(DM^^. 1 5 0 o°c-^- 1 BfFsi'M^b-c^i^^^^fpmL/io ^hK. Y^u\^fzmm^± 

[0 0 5 8] 

^2 \z7^-^m^<^^mmi)-hfj:^-^'MMMm^m%\^fzmm o . 1-7 o^MmMwu 

[0 0 5 9] 

«2 '^'(OMf4No. 7{±, * 1 (7)^a<b-^ ^ ^ (T i CN) m^<^^i^^ ir^J:t> 

m^ify^^^r^\-=-}^'))^ (CHs CN) iT7.<Dm^'^'M.W:m^miW^^'CR^i^ 
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je V 7 da (DCHiCN 


# W» 1 r*U* »»^"«" 

(°C) 


(kPa) 




TiCl4:0.5,N2:33.H2:^ 




900 


16 


TiCN1<c> 


TiCl4:1.0,N2:40,H2:?^ 


1.1 


825 


9 




tiCU:! .0,N2:40,H2:?II 


1.5 


840 


9 


TiCN3<o> 


TiCl4:1.0,N2:40,H2:?»5 


1.8 


865 


15 


TiCN4<c> 


TiCl4:1.0,N2:40,H2:?S 


1.7 


onn 
yuu 


15 


TiCN5<c> 


■nCl4:1.0.N2:40.H2:2S 


1.1->1.8 

mmmzmm) 


825 ~ 900 


9 


TiCNO 


TiCl4:0.7,OH4:4.N2,:5.CO2:0.01.H2:^ 




1010 


10 


a — AI2O3 


AlClgil 5,HCI:2.CO2:4,H2S:0.01 .Hzi^ 




1005 


6 




TiCl4:0.5.N2:44%,H2:^ 




1010 


80 



[0 0 6 0] 

x^^mm^mwm -(sem) wM^tm^. ^^mk^^^^xt i cNm(om.m.^mmLfz 
X 1 v^T. ^M'fh(Dm^±-^mm^^mm'^m^LXE^mit^ ^ >^h% 

¥*&^^>PS (wi . W2 ) tLX^tHLfzo 
[0 0 6 1 1 

±m^mwMM^MtfziiSEu^M^^xRmit-^^ ym-^^^m^^^mi}^^^^^^> #• 
=^ft#L/to ^:fcN ^mitf-^^^m(ommi^is\.^xmiMmmmx^j:2'^^''-^i^ -tsfl^ 

ifM =^5Jf-g t T^®m^ tL. ^ ^ T ;v ^ V ^Jfiimv#Wl (^t±£^l^sll : 1 0 % K O H + 
10%K3Fe (CN) & )KXZJ:-y^y^^^m^mVfz'Jikmt_L. ^M^mWMM 
ttzitSEMKXmm\^X^m^-^:^^^m^^fZo mW:i^^2K7pLfZo 
[0 0 6 2] 

7s YmtKX':^x^M.fzmmm^^mtmmtfz\iSEMKxmm\^. hut-t. 

[0 0 6 3] 

mm. : x-;' i5'1±mC S EM-C ALOTE S T 
'f^^^yY^-T.Y 1/4MICR0N 

mnm^\^Wr^'t^^^(^'M.^wnm.^it(^%^^^^n\^xQ . i~o. 6^. (4-11 

OiiiJ^-eiiO. 3-0. 7 mm) h J: 9 i;J»^^-i^/^^iti^"^'i>' 9 >7 ^ =gr«I^L/Co 'fc 

'€-c7)J:by/x<D'll=tr#mL/io ^^«S2 tr^LfCo 
[0 0 6 4] 

^*3. mi (a) iimsl-No. 2. mi (b) }it^l4-N o . 5 i:iov^T(7)*n7-;^ ^0 
^■^mm^MX^^o ^0¥*t^i3V^-C. W2<?)^MIlCiim$tt^Rffl<bf-i5'yS4 0 
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^ 9 ^ K PS = R c 60 R JSft ^ /^-"^ P <^i5: 
fi^f'l-No. 2 

T^^i^ y y ^f^M : x = 1 . 8 2mm^ 4MW^= 0. 4 5 5 0mm 
±^i^ yy^ mm : y = 2 . 81 mm-^ 3 7 mPJT= 0 . 0 7 5 9 mm 
y/x = 0. 1 6 7 
0.5 
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TiCN2<c> 
(2.0)ro.6] 
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29 
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53 
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2 


24 
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0.32 



0.25 



0.24 



0.12 



0.15 



0.16 



0.20 



0.29 



0.32 



0.21 



4500 



5800 



6000 
5000 



1100 



2500 



3000 
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